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Ball joint components and methods for making same 



(57) A ball joint assembly includes a multiple part 
ball stud that is press fit together and then assembled 
with a ball socket. The ball socket is ultrasonically weld- 
ed to a ball joint housing, and the ball joint housing is 
assembled to a heated link to form a strong mechanical 



joint therebetween. The weld joint between the ball 
socket and the housing is positioned near the bottom of 
the ball socket, away from high stress areas of the hous- 
ing. An annular seal is adhered between an inwardly fac- 
ing portion of the housing and an outwardly facing por- 
tion of the ball stud to heremetically seal the joint. 
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Description 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application is a continuation in part of co- 
pending U.S. Patent Application Serial No. 08/977,176 
filed November 24, 1 997. The entirety of this copending 
parent application is hereby incorporated by reference. 

BACKGROUND 

[0002] The present invention relates to ball joints, 
such as ball joints used in automotive suspension sys- 
tems. 

[0003] There has been considerable activity towards 
the development of ball joints that are inexpensive, light 
in weight and reliable. Sugiyama U.S. Patent No. 
4,435,101 and Broszat U.S. Patent No. 5,152,628 dis- 
close ball joint links utilizing polymeric housings that are 
typically injection molded. 

[0004] White U.S. Patent No. 3,023,038 discloses a 
ball stud that employs a ball that is separately formed 
from and then assembled on the stud. 
[0005] Hellon U.S. Patent No. 5,492,428, assigned to 
the assignee of the present invention, discloses a ball 
joint assembly that uses a threaded collar and a staked 
washer to provide a retention feature for a boot that ex- 
tends from the ball stud to the ball joint housing. 

SUMMARY 

[0006] The preferred embodiments described below 
include a number of improvements over the prior art of 
the previous section. These improvements will be de- 
scribed in detail below. Here, by way of introduction it 
can be said that the improvements relate to a new seal- 
ing approach that differs from the conventional boot, to 
a new housing/ball socket assembly that is secured to- 
gether in a way that provides strength advantages, to a 
new ball stud/ball assembly that provides high strength 
and cost advantages, to a new ball joint housing/link as- 
sembly that provides cost and strength advantages, and 
to a new approach for retaining a boot on a ball stud that 
again provides cost advantages. 
[0007] This section has been intended by way of in- 
troduction only, and is not intended to limit the scope of 
the following claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Figure 1 is a side view of a ball joint link that 
incorporates a preferred embodiment of the present in- 
vention. 

[0009] Figure 2 is a top view taken along line 2-2 of 
Figure 1 . 

[001 0] Figure 3 is a perspective view of one of the ball 
joint housings included in the embodiment of Figure 1. 
[001 1] Figure 4 is a perspective view of one of the ball 



sockets included in the embodiment of Figure 1. 
[0012] Figure 5 is a cross-sectional view of the ball 
socket of Figure 4. 

[001 3] Figure 6 is a cross-sectional view of one of the 
s ball stud stems included in the embodiment of Figure 1 . 
[001 4] Figure 7 is a cross-sectional view of one of the 
ball stud ball portions included in the embodiment of Fig- 
ure 1 . 

[0015] Figure 8 is a side view of a portion of the link 
included in the embodiment of Figure 1 . 
[0016] Figure 9 is a cross-sectional view of one end 
of the ball joint link of Figure 1 . 

[001 7] Figure 1 0 is a cross-sectional view of a portion 
of an alternative embodiment of the ball stud stem and 
boot of Figure 1. 

DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 

[0018] Turning now to the drawings, Figures 1 and 2 
show two views of a ball joint assembly 1 0 that incorpo- 
rates a preferred embodiment of this invention. The as- 
sembly 10 includes a ball joint 12 mounted at each end 
of a link 22. Each ball joint 12 comprises a respective 
housing 14 and ball stud 16. The ball stud 16 is de- 
scribed in greater detail below, but in Figures 1 and 2 it 
can be seen that each ball stud 16 includes a stem 18 
that includes a threaded portion extending outwardly 
from the respective housing 14. Each ball stud 16 is 
mounted to articulate over a prescribed range with re- 
spect to the housing 14, and a boot 20 is secured be- 
tween the ball stud 1 6 and the housing 1 4 to protect the 
ball joint 12 from grit and other contamination. The fol- 
lowing paragraphs will describe major component parts 
of the assembly 1 0, before turning to a discussion of the 
manner in which these parts cooperate and are assem- 
bled. 

[001 9] Figure 3 shows a perspective view of the hous- 
ing 1 4, which defines a first cavity 24 and a second cav- 
ity 26. Preferably the housing 14 is injection molded from 
a high strength thermoplastic material. The housing 14 
includes ribs 28 that provide structural strength. 
[0020] The first cavity 24 receives a ball socket 30 as 
shown in Figures 4 and 5. The ball socket 30 includes 
a top portion 32, a sidewall portion 34 and a bottom por- 
tion 36. The top portion 32 defines an outwardly extend- 
ing annular flange 38 and an array of slots 40 that extend 
partially intothe sidewall portion 34. The sidewall portion 
34 and the bottom portion 36 cooperate to form a spher- 
ical recess 42, and the bottom portion 36 seals and 
strengthens the lower portion of the ball socket 30. The 
top portion 32 of the ball socket 30 defines a first annular 
surface 44 that faces the ball stud in the assembled ar- 
rangement. 

[0021] Figure 6 shows a cross-sectional view of the 
stem 1 8 of the ball stud. The stem 1 8 defines a longitu- 
dinal axis 46, a threaded portion 48, and an end portion 
50. Intermediate the threaded portion 48 and the end 
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portion 50, the stem 18 forms an integral raised annular 
flange 52 that terminates on one side in a shoulder 54. 
The stem 1 8 is preferably formed of a high-strength ma- 
terial such as steel. The ball stud stem 18 is well suited 
for fabrication using low cost, high quality, cold-forming 
processes. 

[0022] As shown in Figure 7, the ball stud also in- 
cludes a ball portion 56 that defines a spherical outer 
surface 58, a central opening 60 and a recess 62. The 
recess 62 lightens the ball portion 56, and both ends of 
the opening 60 are preferably provided with a respective 
chamfer or radius. As used herein, the term "spherical 
surface" is intended broadly to encompass surfaces that 
extend over only a portion of a sphere, such as the outer 
surface 58. 

[0023] Figure 8 shows a portion of the link 22 prior to 
assembly. The link 22 includes an end 64 that includes 
a knurled surface 66 that provides an irregular shape. 
The end 66 also includes a chamfer 68. By way of ex- 
ample, the knurled surface 66 can include a 45° male 
diamond knurl that is raised by .36 to .48 mm and in- 
cludes 18-22 grooves per inch. The link 22 is preferably 
tubular, and it can be formed of an aluminum tube. 
[0024] Figure 9 shows a cross-sectional view of one 
of the ball joints 12 in its assembled condition. In order 
to assemble the ball joint 12, the ball stud 16 is first as- 
sembled by placing a washer 70 on the shoulder 54 and 
crimping the stem 18 to hold the washer 70 in place. 
This forms a two-part assembly that defines a groove 
72 between the washer 70 and the ridge or flange 52. 
[0025] The next step in assembling the ball stud 1 6 is 
to press fit the ball portion 56 on the stem end 50 until 
the ball portion 56 is firmly seated against the adjacent 
shoulder of the stem 18. Then the end portion 50 is up- 
set, as for example with a riveting operation, to secure 
the ball portion 56 in place. 

[0026] The ball stud 1 6 is then assembled with the ball 
socket 30 by snapping the ball portion 56 into the ball 
socket 30. The slots 40 (Figures 4-5) allow the top por- 
tion 32 to expand radially to facilitate this assembly. 
[0027] Then the ball socket 30 is pressed into the first 
cavity 24 of the housing 14 and an ultrasonic weld joint 
74 is formed between the housing 14 and the bottom 
portion 36 of the ball socket 30. Note that the weld joint 
74 and the threaded portion 48 are on opposite sides of 
a plane P that passes through the center line of the link 
22 and the ball portion 56. This places the weld joint 74 
in a relatively low-stress region of the housing 1 4 and in 
this way improves the strength of the assembly. The 
closed bottom portion 36 seals the ball socket 30 and 
adds to the strength of both the ball socket 30 and the 
weld joint 74. 

[0028] At any time after the ball portion 56 has been 
snapped into the ball socket 36, an annular seal 76 can 
be installed between the ball stud stem 18 and the ball 
socket 30. The annular seal 76 includes an inner portion 
78 that is adhered to the ball stud stem 1 8 and an outer 
portion 80 that is adhered to the ball socket 30. The outer 



portion 80 defines a second surface 82 that is radially 
outwardly facing and that is directly adhered to the ra- 
dially inwardly facing first surface 44. Note that the first 
surface 44, the ball portion 56, and the ball stud stem 

5 1 8 cooperate to form a trough 84. 

[0029] The annular seal 76 is shaped as an annular 
disk oriented parallel to a plane transverse to the longi- 
tudinal axis 46. The seal 76 can be formed by flowing a 
liquid polymer gel into the trough 84 and then curing the 

10 polymer gel to cause it to adhere to both the first surface 
44 of the ball socket 30 (and therefore to the housing 
1 4) and to the ball stud stem 1 8. The annular seal 76 is 
stretchable, and preferably has an elongation limit of 
greater than 50%. When properly chemically adhered, 

is the annular seal 76 forms a hermetic seal which is ex- 
pected to offer improvements over mechanical, surface 
pressure sealing joints. As the ball stud 1 6 articulates in 
the housing 1 4, the annular seal 46 elongates and com- 
presses such that it provides a weather-tight seal and 

20 remains adhesively secured both to the ball socket 30 
and the ball stud stem 18. 

[0030] The boot 20 includes an inner sealing surface 
86 and an outer sealing surface 88. The outer sealing 
surface 88 is sealed against the outer surface of the 

25 housing 1 4 and held in place by a retaining ring 90 which 
may be of steel or a suitable polymer. The inner sealing 
surface 86 defines an annu lar ridge 92 shaped to fit with- 
in the groove 72. The inner sealing surface 86 is held in 
place by another retaining ring 94, which also may be 

30 formed of steel or a suitable polymer. 

[0031] The housing 14 is preferably assembled to the 
Iink22 by first heating the end 64 toa temperature higher 
than the softening temperature of the housing 14. The 
heated end 64 is then pressed into the second cavity 

35 26. Preferably the second cavity 26 is tapered to facili- 
tate this insertion, and the chamfer 68 also assists in 
centering the end 64 in the second cavity 26. After the 
end 64 has been pressed into position in the housing 
1 4, the end 64 is held while the softened plastic material 

40 of the housing 14 flows into the knurled surface 66 to 
form a strong mechanical joint. 

[0032] Figure 10 relates to an alternative embodi- 
ment, in which the ball stud includes a flange 96 that 
defines an annular ridge 98. In this case the boot 100 
45 defines a groove 102 shaped to receive the ridge 98. 
With this arrangement only a single flange is required 
on the ball stud stem, a simplification which reduces 
manufacturing cost. 

[0033] Simply by way of example, the following mate- 
50 rials have been found suitable. The housing 14 can be 
injection molded from a thermoplastic resin such as 30% 
glass filled nylon 6/6. The ball socket 30 can be injection 
molded from a thermoplastic material such as unfilled 
nylon 6/6. The ball stud stem 1 8 can be formed of a steel 
55 alloy such as 4037 steel (I Fl Class 1 0. 9 (RC33-39)). The 
ball portion 56 can be formed of a metal such as 1008 
or 1010 alloy. Preferably the ball stud stem 18 is plated 
with a material such as zinc that provides corrosion re- 
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sistance and the ball portion 56 is coated with a material 
such as Teflon™ that acts as a solid lubricant and pro- 
vides a low friction surface. The link 22 can be formed 
of an aluminum alloy such as 6061 -T6 (ASTM B210M- 
95). The preferred knurl for the knurl surface 66 provides 
a 90° angle between opposite slopes of the knurl to cre- 
ate a sharp diamond knurl. A preferred polymer gel for 
the annular seal 76 is a urethane resin such as type UR- 
312 resin (Thermoset Plastics Co., Indianapolis, Indi- 
ana). 

[0034] Preferably, the end of the link 22 is heated to 
about 600°F in order to melt the plastic housing material 
partially and allow it to flow into the knurled tube surface 
for a strong mechanical joint after the parts cool. 
[0035] Of course, it should be understood that many 
changes and modifications can be made tothe preferred 
embodiments described above. For example, any of the 
improvements described above can be used alone, or 
in combination with only some of the other improve- 
ments. Thus, the improved annular seal described 
above can be used with other types of ball studs and 
other types of housings. For example, the annular seal 
can be adhered directly to the housing in ball joints that 
do not include a separate ball socket. As used herein, 
the term "housing" is intended to include a ball socket 
when a ball socket is used. The improved annular seal 
can be used with or without a boot Also, the improved 
boot retention system of Figure 10 can be used in any 
suitable ball joint, including ball joints having other types 
of ball studs and housings, whether or not the annular 
seal 76 is used. 

[0036] As other alternatives, the link 22 can have oth- 
er cross sectional shapes, and can be formed of other 
metals or of solid construction. Another alternative is to 
use a composite rod for the link 22 which is adhesively 
secured to the housing. Also, adhesive bonding tech- 
niques can be used to form the joint 74. 
[0037] The method steps of assembly described 
above can be performed in any suitable order. Thus, the 
link can be assembled with the housing before or after 
the ball socket is assembled with the housing. 
[0038] As used herein, the term "chamfer" is intended 
broadly to encompass a radius. 

[0039] The foregoing detailed description has dis- 
cussed only a few of the many forms that the present 
invention can take. For this reason, this detailed descrip- 
tion is intended by way of illustration and not by way of 
limitation. It is only the following claims, including all 
equivalents, that are intended to define the scope of this 
invention. 



Claims 

1 . A ball joint comprising: 

a housing comprising a ball socket; 

a ball stud comprising a ball portion disposed 



in the ball socket; 

an annular, stretchable seal comprising an in- 
ner portion adhered to the ball stud and an outer 
portion adhered to the ball socket. 

5 

2. The invention of Claim 1 wherein the ball socket 
comprises a first surface that surrounds and faces 
inwardly, toward the ball stud, wherein the outer 
portion of the seal comprises a second surface that 

10 faces outwardly, toward the first surface, and 
wherein the first surface is adhesively secured to 
the second surface. 

3. The invention of Claim 1 wherein the seal compris- 
es es a cured polymer gel material. 

4. The invention of Claim 1 wherein the ball stud ex- 
tends along a longitudinal axis, and wherein the 
seal comprises an annular disc extending substan- 
ce tially parallel to a plane oriented perpendicular to 

the axis. 

5. The invention of Claim 1 further comprising a boot 
secured to the ball stud and the housing, said seal 

25 is situated closer to the ball portion than is the boot 

6. The invention of Claim 1 wherein the seal is char- 
acterized by an elongation limit that is greater than 
50%. 

30 

7. The invention of Claim 1 wherein the seal forms a 
hermetic seal between the ball stud and the ball 
socket. 

35 8. A method for sealing a ball joint comprising the fol- 
lowing steps: 

(a) providing a ball joint comprising a ball stud 
movably mounted in a ball socket included in a 

40 housing, wherein the ball socket defines an an- 

nular trough surrounding the ball stud; 

(b) flowing a liquid polymer into the trough; 

(c) curing the polymer to form a seal comprising 
an inner portion adhered to the ball stud and an 

45 outer portion adhered to the ball socket. 

9. The method of Claim 8 wherein the liquid polymer 
of step (b) provides the seal with an elongation limit 
greater than 50%. 

50 

10. The method of Claim 8 further comprising the step 
of (d) securing a boot between the ball stud and the 
housing, said boot enclosing the seal. 

55 11. The method of Claim 8 wherein the ball stud ex- 
tends along a longitudinal axis, and wherein the 
seal comprises an annular disc extending substan- 
tially parallel to a plane oriented perpendicular to 
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the axis. 

12. The method of Claim 8 wherein the cured polymer 
forms a hermetic seal between the ball stud and the 
ball socket. 

13. A ball joint comprising: 

a housing; 

a ball socket disposed in the housing; 

a ball stud comprising a ball portion disposed 

in the ball socket; 

said ball socket comprising a top portion that 
extends around the ball stud, a side wall por- 
tion, and a bottom portion that cooperate to 
form a cavity that receives the ball portion; 
said ball socket secured to the housing by a 
joint located adjacent the bottom portion; 
said housing defining a plane that passes 
through a center of rotation of the ball portion, 
said top portion and joint located on opposite 
sides of the plane. 

14. The invention of Claim 13 wherein the joint compris- 
es a weld joint. 

15. The invention of Claim 13 wherein the bottom por- 
tion seals the ball socket. 

16. The invention of Claim 13 wherein the top portion 
comprises a flange that extends away from the ball 
stud beyond the housing. 

17. The invention of Claim 16 wherein the link further 
comprises a boot secured to the ball stud and to the 
housing, said flange assisting in retention of the 
boot. 



22. The invention of Claim 20 wherein the ball portion 
is relieved around at least one end of the opening. 

23. The invention of Claim 20 wherein the stem com- 
s prises a flange, said flange comprising an outer sur- 
face shaped to engage a boot. 

24. The invention of Claim 23 wherein the flange com- 
prises a washer, wherein the washer and the stem 

10 are separate parts, and wherein the washer is se- 
cured on the stem by a crimp portion formed by at 
least one of the stem and the washer. 

25. The invention of Claim 23 wherein the washer co- 
15 operates with a remaining portion of the flange to 

define a groove therebetween to assist in boot re- 
tention. 

26. The invention of Claim 20 wherein the stem is coat- 
20 ed with a first material characterized by corrosion 

resistance, and wherein the ball portion is coated 
with a second material, different from the first ma- 
terial, that acts as a solid lubricant. 

25 27. A method for making a ball stud comprising the fol- 
lowing steps: 

(a) providing a stem comprising a stem end and 
a ball portion; 

30 (b) press fitting the ball portion on the stem end 

against the shoulder; and 
(c) upsetting the stem end to enlarge the stem 
end and secure the ball portion in place on the 
stem. 

35 

28. The method of Claim 27 comprising the further step 
of 



18. The invention of Claim 13 wherein the top portion 
defines an array of slots that extend partially into 
the sidewall portion to facilitate insertion of the ball 
portion into the cavity. 

19. The invention of Claim 18 wherein the slots do not 
extend into the bottom portion. 

20. A ball stud for a ball joint, said ball stud comprising: 

a stem comprising a stem end and a shoulder 
adjacent the stem end; 

a ball portion comprising an opening that re- 
ceives the stem end with the ball portion posi- 
tioned against the shoulder; 
said stem end comprising an upset portion that 
secures the ball portion in place on the stem. 

21. The invention of Claim 20 wherein the ball portion 
defines at least one recess. 



(d) press fitting a washer on the stem; and 
40 (e) crimping the washer in place on the stem to 

form a surface for sealing a boot to the stem. 

29. A ball joint comprising: 

45 a housing comprising a ball socket and a ta- 

pered cavity; 

a ball stud comprising a ball portion disposed 
in the ball socket; 

a link comprising an end that is press fit into the 
50 opening, said end comprising a generally cylin- 

drical knurled surface, said housing comprising 
a thermoplastic material that has flowed into in- 
timate contact with the knurled surface. 

55 30. The invention of Claim 29 wherein the rod end is 
chamfered. 

31. A method for assembling a thermoplastic ball joint 
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housing and a ball joint linkcomprising the following 
steps: 

(a) providing the ball joint housing with a cavity; 

(b) providing the ball joint link with an irregular s 
end surface; 

(c) heating the link end surface to a tempera- 
ture higher than a softening temperature char- 
acteristic of the ball joint housing; 

(d) pressing the heated link end surface into the 10 
cavity; and 

(e) holding the heated link and surface in the 
cavity while thermoplastic material from the ball 
joint housing flows into the irregular end sur- 
face and forms a strong mechanical joint there- 15 
with. 

32. The invention of Claim 31 wherein the cavity pro- 
vided in step (a) is tapered and the end surface pro- 
vided in step (b) is untapered. 20 

33. A ball joint comprising: 

a housing comprising a ball socket; 

a ball stud comprising a ball portion disposed 25 

in the ball socket; 

said ball stud further comprising a stem and an 
annular ridge extending around the stem; 
a boot comprising an inner seal surface and an 
outer seal surface, said inner seal surface com- 30 
prising an annular groove that receives the an- 
nular ridge to seal the boot to the shaft, said 
outer seal surface secured to the housing. 

35 
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assembly includes a multiple part ball stud that 
is press fit together and then assembled with a 
ball socket. The ball socket is ultrasonically 
welded to a ball joint housing, and the ball joint 
housing is assembled to a heated link to form a 
strong mechanical joint therebetween . The weld 
joint between the ball socket and the housing is 
positioned near the bottom of the ball socket, 
away from high stress areas of the housing. An 
annular seal is adhered between an inwardly facing 
portion of the housing and an outwardly facing 
portion of the ball stud to heremet ically seal the 

joint. L 
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